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ABSTRACT 


The Navy is experiencing a severe aircraft electrical wiring maintenance 
problem as a result of the extensive use of an aromatic polyimide insulation 
that is deteriorating at a rate that was unexpected when this wire was 
initially selected. This problem has significantly affected readiness, 
reliability, and safety and has greatly Increased the cost of ownership of 
Naval aircraft. 

Failures in wire harnesses have exhibited arcing and burning that will 
propagate drastically, to the interruption of many electrical circuits from 
a fault initiated by the failure of deteriorating wires. There is an urgent 
need for a capability to schedule aircraft rewiring in an orderly manner with 
a logically derived determination of which aircraft have aged to the point of 
absolute necessity. 

Excessive maintenance was demonstrated to result from the accelerated 
aging due to the parameters of moisture, temperature, and strain that exist 
in the Naval Aircraft environment. Laboratory studies have demonstrated that 
MIL-tf-81381 wire insulation when aged at high humidities followed the 
classical Arrhenius thermal aging relationship. In an extension of the 
project a multifactor formula was developed that is now capable of predicting 
life under varying conditions of these service parameters. An automated test 
system has also been developed to analyze the degree of deterioration that has 
occurred in wires taken from an aircraft in order to obtain an assessment of 
remaining life. Since it is both physically and financially impossible to 
replace the wiring in all the Navy's aircraft at once, this system will permit 
expedient scheduling so that those aircraft that are most probable to have 
wiring failure problems can be overhauled first. 
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AIRCRAFT WIRE SERVICE LIFE 


PROBLEM 

• Kapton wire insulation deteriorating 

PREMATURELY. 

- Accelerated by moisture, mechanical 

AND ELECTRICAL STRESSES. 

- Service life shorter than design life, 
o Consequences of initial premature failures 

LEAD TO SHORT-CIRCUIT ARCING. 

- Complete wiring bundle severed with a 

SINGLE WIRE FAULT. 

• Navy needs to plan its maintenance budget. 

OBJECTIVE 

Develop a methodology for determining an 

OVERHAUL SCHEDULE FOR KAPTON WIRED NAVAL 
Aircraft. 


MIL-W-81381/11 

KAPTON 


WIRE, ELECTRIC, FLUROCARBON/POLY1MIDE INSULATED, 
MEDIUM WEIGHT, SILVER COATED COPPER CONDUCTOR, 600 VOLT, 
NOMINAL 8.4 MIL WALL, 200°C 



STRANDED COPPER 
CONDUCTOR 


FLUROCARBON/POLYIMIDE 
TAPE 


POLYIMIDE RESIN 
COATING 
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NAVAL AIRCRAFT CONCERNS 


• DRY WIRE FLASHOVER AND BURNING 

• WET WIRE TRACKING AND FLASHOVER 

MAINTENANCE AND DESIGN 
FOR FAULT PREVENTION 
INITIAL WIRE SELECTION 

• SYSTEMS AND FAILURE MECHANISMS 



F/A-18 FORWARD FUSELAGE CABLE ASSEMBLY 
INFLIGHT WIRE HARNESS CHAFING ARCING/FIRE 
SEVERED LEFT AND RIGHT GENERATOR CIRCUITS 


STRIKE FIGHTER SQUADRON 136 
MAYPORT NAVAL AIR STATION. FLORIDA 
8 APRIL 1987 
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AIRCRAFT WIRE SERVICE LIFE 


PAYOFF 

o Navy has approximately 4,000 A/C with Kapton wiring 
o Navy needs to plan its wiring replacement budget 
SIM to $4M for each A/C 

o Specific Replacement of problem wiring harnesses as 
alternative 

o Navy is scheduling overhauls 
F-14 A TO D CONVERSION 
S-3 A to B 
A-6 E to F 
EA-6B avionics update 

Planned F-14 A to D Conversion Schedule - 450 aircraft 

Year NumB-EB^oE-A/C 

1990 6 

1991 12 

1992-2010 24 per year 


64 


APPROACH 

• Develop Arrhenius plots of relative humidity 

SUPERIMPOSED ON TEMPERATURE-LIFE CURVES 

• Develop data base of stress influences on the 

HYDROLYSIS DEGRADATION RATE 

- Mechanical stress 

• Develop formulas for expressing effects of 

INTERACTIVE FACTORS 

• Develop model for integrating cumulative 

DEGRADATION A$ A FUNCTION OF TIME AT VARIOUS 
ENVIRONMENTAL AND STRESS FACTORS FROM A 
TYPICAL SERVICE DEPLOYMENT HISTORY. 


CHEMICAL MECHANISM 
OF KAPTON HYDROLYSIS 


Pol vmer Cha i n Repeat i nq Un i t 



Chain Spl i tt i no React i on 


< 

« 

O 


fc*SXX-OH 

« u ^ 

o o 


H|0 


S\s 


o 

K 



0 

n 

C— OH 

’c-O H 

1 

o 




XX 


XXX 


65 




66 



•/oE 



is the percent elongation (mechanical strain) at 
which the polyimide insulation fractures. 

is the number average molecular weight of the 
polyirnide molecules in the insulation. 

Relationship between the elongation at break and the 
molecular weight of the polyimide. (Reference: M.L. 
Wallach, Journal of Polymer Science , A-2, 6, 953 
(1968) ). 

WIRE INSULATION DETERIORATION MECHANISM 
IS A MULTIFACTOR STRESS EFFECT 


DETERIORATION RATE AS A FUNCTION OF BEND DIAMETER 

STRA/d 

d 


100 

Strain (%) - 

1 + D/j 
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9.1 

10.6 

11.9 

13.6 

18.2 

36.4 

100 

Inf 

3223 

3241 

3256 

3273 

3330 

3521 

3821 

4500 


Relative Humidity 


Intercept(R.H.) 



90 % 

100 X 

-6.2 

-6.8 


A COMPUTER. MODEL HAS BEEN DEVELOPED TO INTEGRATE SERVICE AGING PARAMETERS INTO 
THE FORMULA TO PREDICT LIFE OF THE WIRES, USING A PROGRAM VE HAVE WRITTEN INTO 
THE SOFTWARE PACKAGE, TK I SOLVER. 
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AIRCRAFT WIRE SERVICE LIFE 


OBJECTIVES ACCOMPLISHED 


DEVELOPED A COMPUTER MODEL FOR INTEGRATING SERVICE CONDITIONS WITH AGING 
RATES TO CALCULATE REMAINING WIRE LIFE 
_ in ORDER TO SCHEDULE WIRING OVERHAUL PRIORITIES. 

DEVELOPED A SYSTEM TO DETERMINE THE DEGREE OF WIRE INSULATION 
DETERIORATION BY LABORATORY ANALSES OF PERIODIC SAMPLES 

- IN ORDER TO TRACK REMAINING LIFE 

- SUPPORT CALCULATIONS MADE BY THE COMPUTER MODEL. 

DEVELOPED A MULTI -FACTOR STRESS THEORY AND PROCESS FOR DETERMINING 
SERVICE LIFE OF ORGANIC MATERIALS BY ACCELERATED LABORATORY AGING 
EXPERIMENTS . 


W I D A S 


Wire Insulation Deterioration 
Analysis System 


lECTIMECaMICU SESICH CO. 
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W X D A S 


RURROS E 


o Dotonmino amount oT Kapton 
w i no insulation 

detei — i o n a t i on BEFORE w i no 
fai 1 u n o and/or clostnuotivo 
anoing ooouns. 

SYSTEM PROCEDURE 


o Sol o c t Ai nonaYt to fc>o 

Tos to ci 

o Identify Loo at i on s 
o Romo vo W i no Samp! os 

o Tost Samp 1 os in LAW IDA 

o A n a 1 y z o R o s u 1 t s 
o Ropont to Oustomo n 

o Estab 1 i sin His to n y Data Baso 
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ORGANIZATIONS THAT USE KAP-IQM 


U.S. Navy 
U.S. Air Force 
U.S. Army 

N.A.S.A. Space Shuttle 
NATO Military Aircraft 
Domestic and Foreign Commercial Airlines 
Nuclear Power Plants 


action 

0 AS A DIRECT RESULT OF THIS PROGRAM THE U.S. NAVY AND THE U.S. ARMY HAVE 
ISSUED DIRECTIVES ABOLISHING THE FURTHER USE OF KAPTON MIRE. 


Additional Wiring Program Assignments 

o Aging Analysis of Kapton Wiring in Aging Aircraft. 

o Study Alternate Insulation Systems and Kapton Hybrids for 
Most Probable Failure Modes. 

o Develop Standard Test Methods for Determining 
Susceptibility to Harness Destruction from 
projectiles, chafing and wet-tracking. 

o Study effects of 270 volt DC on wire life, arcing and 

TRACKING RESISTANCE. 

o Study New Technology Circuit Protection Methods. 

o Develop Methods to Detect Incipient Faults. 

o Study Lightning Strike Effects on Composite Connectors. 

o Maintain Liaison with Military and Industries of U.S. 
and Allied Nations about Wiring Failure Concerns. 
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